Theanine is a non-protein amino acid representing as much as 50% of the total amino acids in black tea and 1% -2% of dry weight in green tea. It has been shown to be able to reduce high blood pressure, promote relaxation, and inhibit caffeine's side effects among others. This current study explored the effects of sunlight and withering durations on theanine levels in tea shoots. Theanine content from three leaves and a bud, two leaves and a bud and internodes were detected and quantified by using High Performance Liquid chromatography (HPLC). Sunlight exposure experiment was started at dawn (0600 HRS, GMT + 3.00) when the light intensity was low and tea was collected at three-hour interval throughout the day to (1800 Hrs, GMT + 3.00) when the light intensity had dropped. At the start of the experiment, the theanine levels were significantly high but as the intensity of sunlight increased during the day there was a significant drop in theanine levels, and as the sun set the theanine levels increased significantly again in all samples. The results also showed that theanine levels were significantly increased after 15 hours of withering. Three leaves and a bud withered for 3 hours had mean theanine levels of 1.41% and those withered for 15 hours had mean theanine levels of 3.11%. Internodes exhibited higher mean theanine levels than those of leaves. In the light of these results, it's evident that withering for a longer period of time and harvesting of tea when the light intensity is low ensure high amount of theanine in tea.
Introduction
Tea is one of the most popular and widely consumed beverages in the world because of its refreshing taste, attractive aroma, and potential health benefits [1] - [3] . It is made from the tender leaves of the plant Camellia sinensis (L.). This plant is native to East and South-Eastern Asia [4] . Generally, tea can be broadly classified according to the processing methods as: un-aerated tea (green tea), semi-aerated tea (Oolong tea), fully aerated tea (black tea) or post-aerated tea (pu-erh tea) [5] . A lot of epidemiological and preclinical studies have demonstrated that drinking tea may reduce the risk of cancer and cardiovascular disease [6] [7] . Moreover, other biological functions of tea have also been reported, such as anti-inflammation, anti-allergy, and anti-obesity [6] [8] . These beneficial effects have been attributed to the presence of compounds, such as polyphenols, amino acids, vitamins, carbohydrates, and purine alkaloids [9] . Catechins, which are polyphenols, are known for their antioxidant-related effects [10] [11] and theanine is one of its biosynthetic precursors [12] .
Theanine is a non-protein amino acid that was first discovered in tea leaves [13] and has also been found in bay bolete mushroom, Xerocomus badius [14] [15] . It is the main free amino acid in teas representing as much as 50% of the total amino acids in black tea and 1% -2% of the dry weight of green tea [16] [17] . Besides the four traditional tastes that is sweet, salty, acid, and bitter, theanine is the predominant amino acid in green tea leaves giving tea its characteristic umami or "5 th taste" [18] - [20] . It not only plays an important role in the characteristic flavour and delicate taste of tea [21] , but also shows many biological effects. It is involved in many biological activities such as promoting relaxation, inhibiting caffeine's negative effects, reducing blood pressure, and enhancing anti-tumor activity [22] - [26] . Moreover, it has been reported to have physiological activities including neuroprotection and anti-obesity [27] - [29] . Theanine levels have been determined in the tea shoot but no much work has been reported on different partitions of the shoot to determine where it is mainly concentrated. This study aimed at determining theanine levels in different partitions of the tea shoot with respect of the effect of sunlight and withering on tea shoots.
Materials and Method

Sampling and Processing
Samples comprising three leaves and a bud were randomly collected (hand plucked) from the respective plot at the Tea Research Institute (Botany/Genetics plots), Kericho (0˚22' South, 35˚21' East, elevation 2180 m a.m.s.l). The samples (2 kg) were put in brown paper bags and taken to the miniature factory in the institute for processing green tea. This was done at an interval of three hours with the last sample being collected after twelve hours. Sampling started early in the morning before sunrise 0 hrs (0600 HRS, GMT + 3.00), 3 hrs (0900 HRS, GMT + 3.00), 6 hrs (1200 HRS, GMT + 3.00), 9 hrs (1500 HRS, GMT + 3.00) and the last sample was collected late in the evening after sunset 12 hrs (1800 HRS, GMT + 3.00). All the samples were split into two, one batch was steamed immediately and the other batch left to wither for different durations. The first collected sample withered for fifteen hours with the last collected sample withering for three hours. The withered samples were then steamed using an electric steamer and the three leaves and a bud were partitioned into seven: bud, first leaf, first leaf internode, second leaf, second leaf internode, third leaf and third leaf internode. They were then microwave dried (GEO103MB, Samsung, Malaysia) in the Institute's miniature factory and the processed tea was finely milled using an electric coffee grinder (AR 40, Moullinex, China) and stored in well labeled aluminium lined sachets.
Sample Preparation
1.00 (±0.01) g of a finely ground sample was weighed into a 200 ml beaker and 100 ml of boiling water was added. The sample was then allowed to brew for 5 min on a hot plate and the magnetic stirrer put into it. The sample was allowed to cool down, made up to volume and filtered using a 0.45 µm membrane before injection.
Standard Solution Preparation
Standard stock solution: 50 mg of pure L-theanine was weighed and put into a 50 ml volumetric flask, dissolved with double distilled water by the aid of sonication and made up to the volume with the double distilled water. Standard working solutions were prepared by serial dilution of the standard stock solution. They were in the concentration range of 20 -80 µg/ml.
Chromatographic Determination of Theanine
Theanine content was determined using High Performance Liquid Chromatography (HPLC). The HPLC used was a Shimadzu LC 20 make fitted with a SIL 20A auto sampler and a SPD-20 UV-Visible detector (set at 210 nm) with a class LC10 chromatograph workstation, manufactured in Kyoto, Japan. The column used was RP-18 (phenomenex Aqua 250 × 4.6 i.d) and oven was set at 35˚C. The mobile phases used were 100% HPLC grade acetonitrile and double distilled water. Flow rate was 1 ml/min and an injection volume of 20 µL. Each sample was being run for 41 minutes and theanine was eluted between 5 th -6 th minute. During the first 22 minutes, the mobile phase used was HPLC grade acetonitrile and the remaining time was used for washing the column with double distilled water. The values were tabulated and a calibration graph was drawn by using concentration of theanine in the working solutions against peak area. A linear calibration line was obtained with slope and intercept value (m and b as in y = mx + b). The theanine content, W theanine , was expressed as a percentage by mass on a dry matter sample basis, as given by the formula:
where: A sample is the peak area obtained for the sample test solution; B intercept is the y intercept; V sample is the volume of sample injected for HPLC analysis; M std is the slope obtained from the best fit linear calibration; M sample is the mass, in grams, of the sample portion; DF is the dilution factor used prior to the injection on to an HPLC; W DM sample is the dry matter content, expressed as a mass fraction in percent, of the test sample.
Results and Discussion
Theanine levels were determined in various partitions of the tea shoot and in this study three leaves and a bud were sampled for partitioning. TRFK 301/1 cultivar was used in this study and it was adopted from a study done by Kilel et al. [30] who had determined theanine levels in available commercial green clones. This clone contained high levels of theanine (2.03% dw). Young two-leaf flushes are typically chosen for manufacturing the finest tea because theanineaccumulates in growing shoots [31] . The tea leaves (3 leaves + bud) were partitioned into: bud, first leaf, first leaf internodes, second leaf, second leaf internodes, third leaf and third leaf internodes. The results were as shown in Figure 1 . The buds contained 1.47% dw of theanine at the start of the experiment and after three hours the levels decreased to 0.85% dw. After six hours theanine levels increased to 1.56% dw, 1.67% dw after nine hours and decreased to 0.63% dw after twelve hours of sunlight exposure. There was a significant difference (p < 0.05) in theanine levels at the start and after three and twelve hours but there was no significant difference (p > 0.05) after six and nine hours.
The first leaf contained 2.02% dw of theanine at 0 Hours and after three hours the levels decreased to 0.95%. The levels increased to 1.12% dw, 1.22% dw and 1.68% dw after six, nine and twelve hours respectively. Theanine levels were high at the start and were significantly different (p < 0.05) from the rest of the durations. There was no significant difference (p > 0.05) in theanine levels in the results obtained after three, six and nine hours. There was a significant difference (p < 0.05) in the theanine levels obtained after twelve hours from all the other durations. The first leaf internode contained 3.88% dw of theanine at the start and the levels increased to 4.87% dw, 5.20% dw, 5.49% dw and 5.78% dw after three, six, nine, twelve hours. There was a significant difference (p < 0.05) in theanine levels at the start and during the other durations but there was no significant difference (p > 0.05) in theanine levels after three, six, nine and twelve hours.
The second leaf contained 0.98% dw of theanine at the start and increased to 1.41% dw after three hours. Theanine levels decreased to 1.27% dw after six hours and increased to 1.46% dw and 1.84% dw after nine and twelve hours respectively. There was a significant difference (p < 0.05) in theanine levels at the start of the study and after three, nine and twelve hours but there was no significant difference in theanine levels at the start and after six hours. The second leaf internode contained 5.62% dw of theanine at the start and decreased to 5.43% dw and 2.25% dw after three and six hours respectively. Theanine levels increased to 6.15% dw after nine hours and decreased to 4.64% dw after twelve hours. There was a significant difference (p < 0.05) in theanine levels at the start and after six, nine and twelve hours but there was no significant difference (p > 0.05) in theanine levels at the start and after three hours.
The third leaf contained 1.20% dw of theanine at the start and the levels decreased to 0.51% dw after three hours. Theanine levels increased to 2.00% dw after six hours, decreased slightly to 1.90% dw after nine hours and increased to 2.01% dw after twelve hours. There was a significant difference (p < 0.05) in theanine levels at the start and after three, six, nine and twelve hours but there was no significant difference (p > 0.05) in the levels obtained after six, nine and twelve hours. The third leaf internode contained 4.90% dw of theanine at the start and decreased to 1.71% dw after three hours. The levels increased to 5.94% dw, 6.11% dw after six and nine hours respectively then decreased to 5.54% after twelve hours. There was a significant difference (p < 0.05) in theanine levels at the start and after all the durations in the study but there was no significant difference (p > 0.05) after six and nine hours.
Theanine level has been reported by Kyle et al. [32] to be affected by sunlight exposure. In this study, theanine levels decreased after being exposed to sunlight and this was after 3 hours. This was the only duration where there was maximum sunlight and theanine levels decreased in most of the partitions. The internodes were shown to contain high levels of theanine compared to the leaves. There was no linear pattern to show where theanine can be found to be optimum with respect to the different durations. With the recommended plucking standards of 2 leaves and a bud, theanine levels ranged between 2.23% -2.98% dw while for 3 leaves and a bud the range was 2.25% -3.43% dw ( Table 1) . Three leaves and a bud were shown to contain higher theanine levels than two leaves and a bud. Reference [33] conducted a study to determine concentrations of theanine in fresh tea leaves and found out that there was no linear pattern of increasing or decreasing concentrations with respect to age of the leaf and this concurs with the results obtained in this study.
There is little or no documented work done on the internodes as a separate partition. Reference [34] [35] and [36] conducted studies on theanine levels of fresh tea leaves and concluded that theanine levels decrease with age of the leaf and this was not so in this study. The third leaf theanine levels were higher than that of the second leaf and therefore more study has to be done with more leaves.
Theanine levels were also determined in the different partitions of the tea shoot as was done in the above study but now considering the effect of withering time varying from three to fifteen hours and the results were as shown in Figure 2 . This was meant to determine if theanine levels increase or decrease upon withering in green tea. The buds contained 0.73% dw of theanine after three hours and increased to 1.41% dw after six hours. Theanine levels decreased to 0.66% dw after nine hours, increased to 1.52% dw after twelve hours then decreased slightly to 1.49% dw after fifteen hours. There was no significant difference (p > 0.05) in theanine levels after three and nine hours but were significantly different (p < 0.05) from the levels obtained after six, twelve and fifteen hours. There was also no significant difference (p > 0.05) in theanine levels after six, twelve and fifteen hours of withering. The first leaf contained 0.61% dw of theanine after three hours and increased to 0.79% dw after six hours. Theanine levels decreased to 0.54% dw after nine hours and increased to 0.87% dw, 1.18% dw after twelve and fifteen hours respectively. There was no significant difference (p > 0.05) in theanine levels obtained after three, six, nine and twelve hours. There was also no significant difference (p >0.05) in theanine levels after six, twelve and fifteen hours. There was a significant difference (p < 0.05) in theanine levels obtained after three and nine hours of withering with the levels after fifteen hours. Thefirst leaf internode contained 1.86% dw of theanine after three hours. Theanine levels increased to 3.94% dw, 5.34% dw after six and nine hours respectively. The levels then decreased to 1.57% dw after twelve hours and increased to 5.54% dw after fifteen hours. There was no significant difference (p > 0.05) in theanine levels obtained after three and twelve hours of withering and also after nine and fifteen hours of withering. There was a significant difference (p < 0.05) in theanine levels obtained after six hours from the other durations.
The second leaf contained 0.52% dw of theanine after three hours and the levels increased to 0.95% dw after six hours. Theanine levels decreased to 0.76% dw after nine hours, increased to 1.12% dw after twelve hours and decreased to 0.72% dw after fifteen hours. There was no significant difference (p > 0.05) in theanine levels obtained after three, nine and fifteen hours but a significant difference (p < 0.05) in the levels obtained after three hours with levels after six and twelve hours. There was also no significant difference (p > 0.05) in theanine levels obtained after six, nine, twelve and fifteen hours of withering. The second leaf internode contained 2.66% dw of theanine after three hours and increased to 5.97% after six hours. The levels decreased to 5.24% dw after nine hours, increased to 6.11% dw after twelve hours and slightly decreased to 6.02% dw after fifteen hours. There was a significant difference (p < 0.05) in theanine levels obtained after three and nine hours from the other durations but no significant difference (p > 0.05) in the levels obtained after six, twelve and fifteen hours of withering.
The third leaf contained 1.14% dw of theanine after three hours and increased to 2.01% dw after six hours. The levels decreased to 1.79% dw, 1.64% dw after nine and twelve hours respectively. After fifteen hours, the levels increased to 1.71% dw. There was no significant difference (p > 0.05) in theanine levels obtained after six, nine, fifteen hours and also after nine, twelve, fifteen hours of withering. The third leaf internode contained 2.32% dw of theanine after three hours. The levels increased to 5.01% dw, 5.18% dw, and 5.20% dw after six, nine and twelve hours respectively. The levels decreased to 5.13% after fifteen hours. There was no significant difference (p > 0.05) in theanine levels after six, nine, twelve and fifteen hours of withering. Theanine levels varied in all the partitions in this study except in the third leaf internode. The internodes were shown to contain high theanine levels compared to the other partitions and especially the second leaf internode. The first two leaves contained the lowest. Two leaves and a bud are plucked to obtain quality tea though three leaves and bud can be plucked but in small amounts. In Table 2 , theanine levels have been shown to increase with age of the leaf; high levels in 3 leaves and a bud than 2 leaves and a bud. Withering duration of 3 hrs resulted in a decrease in theanine levels from 3.16% dw to 1.41% dw of the fresh tea leaves. 6 hrs of withering also resulted in a decrease in theanine levels while there was a slight increase after 9 hrs of withering from 2.76% dw to 2.79% dw. After 12 hrs and 15 hrs of withering, theanine levels increased with the highest level shown after 15 hrs increasing from 2.87% dw to 3.11% dw. Reference [37] determined the effect of different withering timings on theanine levels and found out that the levels will increase up to 23 hrs then begin to decrease afterwards. This is in agreement with this study even though withering was only for 15 hrs and the withering duration when theanine levels will decline was not established.
Conclusion
Theanine levels were shown to be affected by different light intensities and to produce tea with high levels of this amino acid, tea leaves should be plucked when there is minimal sunlight. This is especially very early in the morning before sunrise or late in the evening after sunset. Green tea is not left to wither when processing but in this study it was shown that withering resulted in an increase in theanine. Also, theanine was shown to increase with age of the leaf; third leaf contained high levels than the first and second leaf. More research needs to be done especially to determine the withering duration when optimum theanine can be obtained.
